For evaluation of hidden disturbance of seeds it is elaborated the concept of Fuzzy Factor of Hidden Internal Damages (FFHID). Example of definition of FFHID using Gas Discharge Visualization (GDV) parameters and the root length of sprouted grains are outlined using an Adaptive Neuro-Fuzzy Inference System (ANFIS). ANFIS surface that describes the relationship between FFHID and GDV parameters (glow area and shape factor) is given.
Introduction
Establishment of any crop depends will be directly impacted by the quality of the seed used in planting. The quality of the seeds can often be difficult to judge due to internal damage that is hidden from visual evaluation. Analysis of publications regarding the evaluation of hidden internal damage of seeds shows that there are two main problems: a) classification of sowing materials according to hidden internal damages, and b) assessment of the hidden risk of using sowing materials which have hidden internal damage. An indicator of the hidden internal damages of seeds is needed to establish seed quality parameters. For example, Cain (1977) suggested that a percentage of splits could be used as an indicator of quality for evaluation of soybean seeds.
Biological factors such as fungal damage which affect soybean quality can also be an indicator of seed quality, but Sinclair (1995) noted that the damage cannot be easily quantified and the criteria for these visual judgments have only recently been defined. Wang et al. (2002 Wang et al. ( , 2003 studied the classification of fungal-damaged soybean seeds using near-infrared spectroscopy and found that fungal-damaged soybean seeds are usually associated with discoloration and fissures on the seed coats. In this research, partial least squares (PLS) and neural networks were used for data analysis and model development. Healthy and fungal-damaged seeds were assigned constant values of 1.0 and 2.0 for two-class models, respectively. A seed was considered to be correctly categorized if the predicted value lay on the same side of the midpoint of the assigned values (Wang et al., 2003) . Also for five-class models, healthy and fungal-damaged seeds infested by Phomopsis, C. kikuchii, SMV, or downy mildew were assigned constant values of 1.0, 2.0, 3.0, 4.0, and 5.0, respectively (Wang et al., 2003) . In other research, Casady (1992) developed a color image processing system to classify soybean seeds into healthy and symptomatic seeds infested by Phomopsis and Alternaria. Color classifier was applied for classifying fungal-damaged soybean seeds (Ahmad et al., 1999) .
Mechanical damage of seeds is also an important factor that affects the quality of seeds (Shahbazi et al., 2011) . Seed damage results in lower grain value, problems with storage, and reduces seed germination and seedling vigor and subsequent reduction in crop yield. Shahbazi et al. (2011) conducted tests to determine the extent of damage due to impact on percent physical damage (PPD) and percentage germination loss (PLG) (physiological damage) of pinto beans. The results indicated that two independent variables, moisture content and impact energy, significantly influenced the PPD, PLG and total damage of pinto bean seeds (Shahbazi et al., 2011) .
Root length can be considered a good indicator of seed quality (Arkhipov et al., 2014) . Using an Adaptive Neuro-Fuzzy Inference System (ANFIS), and a Gas Discharge Visualization (GDV), a three input fuzzy inference system was constructed to define the contiguous relations between GDV parameters (i.e., glow area and shape factor) and root length. Recently, several models of fuzzy indicators have been developed to address a variety of questions and problems (Badenko et al., 2014; Krueger & Kurtener, 2003; Torbert et al., 2008) . The objective of the current study is to elaborate the concept of fuzzy factor of hidden internal damages.
Fuzzy factor of hidden internal damages
The main postulates for developing a Fuzzy Factor of Hidden Internal Damages (FFHID) are formulated as follows:
1. According to the fuzzy indicator approach (Badenko et al., 2014; Krueger & Kurtener, 2003 Torbert et al., 2008) , FFHID is defined as a number in the range from 0 to 1.
2. FFHID can be described by application of tools for Gas Discharge Visualization (GDV) and laboratory experimental data.
In (Arkhipov et al., 2014) specific information regarding the an experiment is given in which the root length of sprouted grains and the GDV parameters were measured. Taking into account this information, relative values of root length (RL) of sprouted grains can be described as follows:
Where L -is root length current value, L min -is root length minimal value, -L max is root length maximal value.
In this study, it was assumed that the relative values of root length could be interpreted as fuzzy factor of hidden internal damages. The relationship between fuzzy factor of hidden internal damages and GDV parameters was analyzed utilizing an Adaptive Neuro-Fuzzy Inference System (ANFIS). In particular, by using ANFIS and data from Arkhipov et al. (2014) , a three-input Fuzzy Inference Systems (FIS) was constructed to define the contiguous relations among GDV parameters (glow area and shape factor) and FFHID. Graphical representations of fuzzy modelling results are shown in Figure 1 . It is important to note that in this study the definition of FFHID was based on experimental data from Arkhipov et al. (2014) . For verification of this suggested approach, additional information based on additional experimentation is required. Also, physical/technical methods have to be combined with chemical and biochemical methods.
Conclusion
1. For evaluation of hidden disturbance of seeds, the concept of Fuzzy Factor of Hidden Internal Damages (FFHID) was described.
2. Example of definition of FFHID using Gas Discharge Visualization (GDV) parameters (glow area and shape factor) and root length of sprouted grains are outlined.
3. It is important to note that in this study the definition of FFHID was based on experimental data from Arkhipov et al., (2014) . For verification this suggested approach additional information based on a series experiments is needed. Also, physical/technical methods have to be combined with chemical and biochemical methods.
